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Abstract: This paper addresses the current regulatory framework, research activities 
and standardization efforts towards a shared use of radio spectrum in the European 
Union. Two main research streams are considered: The emerging concept of 
Licensed Shared Access that ensures a predictable Quality of Service for secondary 
users of spectrum and the opportunistic Device-to-Device communications that 
represent a recent and enormous socio-technological trend. The paper presents also 
research results that support the spectrum sharing standardization path in ETSI and 
3GPP.  
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1. Introduction  
The European Digital Agenda [1] lays down broadband performance objectives that are 
designed to enable all EU citizens to participate in the benefits from online services. At the 
same time Mobile and wireless communications networks will have to cope with a 
tremendous increase of traffic volume within the next decade. Hence, more radio spectrum 
for mobile networks is needed to satisfy demand in capacity and coverage. Cognitive Radio 
(CR) is seen as a promising technology for dynamic spectrum sharing to address the 
spectrum scarcity problem by optimizing the spectral use of future wireless systems. 
A decade after the introduction of the Cognitive Radio (CR) concept, a range of projects 
have been funded as part of the EU Framework Programme 7 (FP7), investigating the 
theoretical aspects and feasibility of cognitive radios together with demonstrators and field 
trials with significant emphasis on TV white spaces (TVWS), i.e., the opportunistic access 
of UHF TV spectrum not used by the broadcast services in a particular location. 
In order to make CR technology a commercial success, standardization is important 
because it allows economies of scale and interoperability between market players (e.g. 
between CR device manufactures and spectrum databases providers).  
This paper addresses recent advances on the European regulatory landscape for the 
adoption of spectrum sharing technologies, main research streams and related 
standardization activities in ETSI and 3GPP.
2. European regulatory framework for spectrum sharing 
In March 2012 the European Parliament and Council approved the first Radio Spectrum 
Policy Programme (RSPP) [2]. While moving towards the freeing up of significant new 
pieces of radio spectrum and promoting the trading of usage rights, the Program also sets 
out a number of actions with regard to spectrum sharing including CR solutions. 
Specifically with regard to spectrum sharing, a study was commissioned by the EC and 
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published in March 2012 [3]. Based on its RSPP principles and the outcomes of this study, 
the Commission released a Communication on “Promoting the shared use of radio spectrum 
resources in the internal market” in September of that year [4]. In this Communication, the 
Commission sets forth two actions: 
?? The development of an EU approach to identify so-called beneficial sharing 
opportunities (BSOs), defined as situations in which “the combined net socio-economic 
benefit of multiple applications sharing a band is greater than the net socio-economic 
benefit of a single application, taking into account additional costs resulting from shared 
use”. After defining sharing conditions and rules, a harmonized, transparent and 
incentivizing procedure for gaining access to BSO frequencies should be set out. 
?? The authorization of Licensed Shared spectrum Access (LSA) via so-called spectrum 
sharing contracts, with regulators handing out “shared spectrum access rights” (SSAR) 
and acting as impartial technical advisers and registrars of the contract terms. 
Mentioned as a specific, high-potential BSO in this Communication, and also referred to in 
the RSPP, is the shared use of so-called TV White Spaces in the 470-790 MHz band. 
Several European regulatory actions have already been taken into account in this dossier. In 
a first report, ECC Report 24 (“Technical considerations regarding harmonization options 
for the Digital Dividend”) [5] the European white spaces were defined, while in ECC 
Report 159: “Technical and Operational requirements for the possible operation of 
cognitive radio systems in the “White Spaces” of the frequency band 470-790 MHz“ [6], 
CEPT thoroughly addresses the way forward in European TV White Spaces, assessing both 
geolocation database and spectrum sensing as enabling technologies and setting out 
technical requirements for the use of TVWS. With regard to LSA as a second BSO, CEPT 
approved a report in April 2012 [7]. 
Subsequently, in September 2012 CEPT created a new project team (called PT FM53) on 
Reconfigurable Radio Systems (RRS) and Licensed Shared Access (LSA), which is intend 
to hold its first meeting at the time of writing this paper (January 2013). The objectives of 
this Project Team are to continue to monitor and investigate CR systems, in order to 
develop a relevant regulatory framework and to work on technical and business 
requirements, regulatory and harmonization framework and general and band/specific 
technical and operational conditions for the implementation of LSA.  
Almost simultaneously with the establishment of FM53, in November 2012 the European 
Commission issued a mandate to European standardization organizations CEN, CENELEC 
and ETSI in the domain of Reconfigurable Radio Systems [8], asking these organizations to 
develop harmonized standards with three objectives: 
?? to deploy and operate cognitive radio systems (CRSs) including white space devices 
and devices under Licensed Shared Access regime, dependent for their use of radio 
spectrum on information obtained from geo-location databases; 
?? to ensure standardization of suitable, SCA-based SDR architecture(s) for the military 
domain; 
?? to explore potential areas of synergy among commercial, civil security and military 
applications  
Final results of this mandate are expected by the Commission to come within 42 months 
after its acceptance. Finally, another impact field of regulatory activity relevant to the 
enabling of spectrum sharing is the revision of the EU Radio & Telecommunications 
Terminal Equipment (RTT&T) Directive. In October 2012, after extensive consultation [9], 
the Commission put forward its proposals aiming at “ensuring that software can only be 
used with radio equipment after the compliance of that particular combination of software 
and radio equipment has been demonstrated”. Concretely, manufacturers and software 
providers would need to provide the Member States and the Commission with information 
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on the compliance of intended combinations of wireless equipment and software with the 
essential requirements put forward by the Directive [10]. 
3. Spectrum sharing for next generation cellular systems 
A Concept and architecture 
While the dedicated exclusive spectrum is still preferred by the Mobile Network Operators 
(MNOs), it is essential for the fast growth of Mobile Broadband that new flexible spectrum 
management and dynamic schemes are introduced to enable access to additional spectrum 
and to meet future traffic demands. New regulatory paradigms for spectrum authorisation 
will allow shared use of spectrum in a more flexible way for optimizing the utilization of this 
scarce resource. Novel access models such as Licensed Shared Access (LSA) are 
increasingly discussed in regulatory and standardization bodies as well as in policy making 
institutions. The LSA concept is a regulatory framework that preserves Quality of Service 
(QoS) - a requirement that will continue to play a vital role for many mobile applications. 
LSA will also secure the operators’ investment. 
Traditionally, the access and use of spectrum for radio communication services has been 
authorised in two ways: either licensed or licence-exempt. 
?? “Licensed” means that the usage rights are granted in time, frequency and geography; 
these usage rights are usually exclusive.  
?? “Licence-exempt” means that devices which meet certain technical conditions can share 
the spectrum, to be used anywhere and at any time, but without guarantee of predictable 
QoS.
LSA provides a framework to share spectrum between a limited number of users. The 
existing spectrum users (“the incumbents”) share spectrum with one or several licensed 
LSA users (”LSA licensees”) in accordance with a set of pre-defined conditions. These 
conditions may be static (e.g. specific exclusion zone or time allowed for operation) or 
dynamic (e.g. geographic/time sharing, on-demand authorisation by LSA licensees or on-
demand restrictions imposed by incumbents). Dynamic implementation of LSA could take 
advantage of the recent advances in cognitive technology, allowing spectrum sharing on a 
frequency, location and time basis. 
 Fig. 1 gives the framework for an LSA architecture, based on an existing licensed (e.g. 
3GPP) network. Following a regulatory framework to be specify by CEPT WG FM52 and 
53 and other bodies, the spectrum use will be possible for authorized secondary users. A 
data base outside the domain of the incumbent will contain the necessary rules and data to 
decide for each usage about the permission to use the network. Sensing of the available 
spectrum may give actual input to the database. A controller in the domain of the incumbent 
will then make the decision about acceptance of an LSA licensee on a case-by-case basis. 
Clear conditions are crucial to ensure proper spectrum usage by the incumbent and LSA 
licensee. LSA must ensure full certainty, without operational restrictions, for the 
incumbent. Especially, the LSA licensee must not cause harmful interference to the 
incumbent. 
 Current 3GPP mobile networks are based on exclusive spectrum owned by MNOs. 
Access to exclusive spectrum is fully controlled by the operator and thus availability of the 
spectrum is guaranteed. The new sharing opportunities will not change this basic setup. 
However, sharing of radio spectrum will enable new opportunities to achieve higher 
capacity.
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Fig. 1 LSA regulation & standardization framework. 
B. LSA and related FP7 COGEU research results 
An important research activity in this area is the FP7 COGEU project [11] that has 
developed and demonstrated a framework for dynamic spectrum trading of TV White Space 
spectrum, which is very much in line with the LSA concept. In COGEU model a spectrum 
broker undertakes the role of a LSA authority. LSA users would use the vacant TV 
spectrum under individual authorizations with temporally exclusive rights and for a specific 
local area. The LSA repository contains geo-location information about the incumbent users 
of TV spectrum: broadcast coverage data and PMSEs (Programme Making and Special 
Events) in use. The LSA Controller computes the TV White Space maps based on 
protection requirements and restrictions set by the incumbents. 
 The COGEU automatic spectrum-trading platform was designed for the Munich 
(Germany) area. In the demonstration scenario a mobile network operator is looking for 
extra spectrum to increase LTE downlink capacity. For illustrative purposes Fig.2 shows 
the TV White Space map for TV channel 60 (782-790 MHz,) computed with data provided 
by the German broadcasters. In order to protect digital TV reception the  max. transmit  
power is limited to 1 W EIRP (30 dBm). Fig 2 (b) shows the coverage maps of three LTE 
eNodeB using TV UHF spectrum for downlink extra capacity in the Munich area: urban 
location in Neuperlach,  suburban location in Freimann and rural location in Parsdorf, with 
estimated coverage of 400m, 500m and 1.2 km, respectively. 
 Moreover, the COGEU project has developed and demonstrated a PMSEs online 
booking tool that allows professional wireless microphone users to reserve spectrum with 
guarantee of QoS. The protection area around PMSEs users area also showed in Fig. 2 (b). 
Field trials carried out in Munich have demonstrated that TV White Spaces operation is 
possible without interfering digital TV reception as long as White Space system fulfils 
obligations set by the COGEU geo-location database, i.e., the LSA Repository/Controller in 
the LSA model. [22].  
 An important outcome of the World radio Conference - WRC 2012 is a 'second digital 
dividend' at 700 MHz (TV channels Ch50-Ch60). The resolution foresees allocation of the 
band 694-790 MHz to Mobile service after 2015 on a co-primary basis, subject to 
technical/regulatory conditions to be studied meantime and reviewed/confirmed by WRC-
2015.
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Fig. 2 (a) TV White Space map for channel 60 and 30 dBm EIRP. (b) LSA repository: 
coverage of LTE base stations over TVWS and PMSEs in the Munich area. 
C. LSA standardization path
After more than 10 years of fundamental academic research, spectrum sharing principles are 
now increasingly discussed in regulation and standardization and will soon be adopted in the 
development of modern radio access systems as e. g. future releases of LTE. 
 A system needs to be established for updating, maintaining and providing the spectrum 
access conditions, in the case that incumbents impose restrictions on spectrum use and 
depending on the pre-defined conditions for spectrum access by LSA licensees (e.g. sharing 
in time/frequency/location and/or static/dynamic sharing). For this purpose, the interfaces 
between the components of the LSA system as well as the mechanisms necessary for system 
operation must fulfil specific requirements. These requirements and appropriate solutions 
need to be standardized. A number of international standardization projects on 
Reconfigurable Radio Systems (RRS) and CR are currently working on such standards with 
participants from MNOs, industry and academic partners, in order to develop and deploy 
innovative concepts and to drive the most economical and powerful technologies and 
solutions.
 ETSI Technical Committee Reconfigurable Radio Systems (RRS) is developing a 
System Reference Document for mobile broadband services in the 2300 MHz – 2400 MHz 
band under LSA regime with the objective to outline expected usage scenarios, technical 
characteristics and parameters, and high level functions. The aim is to provide CEPT FM 
PT52 with technical information on the LSA system that are required to develop an ECC 
Decision. The next steps for ETSI TC RRS include the development of detailed technical 
specifications for LSA systems including requirements, functional architecture and 
potentially protocol details of the interfaces.  
 Another standardization group working on this subject is IEEE DySPAN-SC which 
develops supporting standards dealing with new technologies and techniques for next 
generation radio and advanced spectrum management. Its working group 1900.6 and the 
currently developed amendment (1900.6a) specifies spectrum sensing interfaces and data 
structures that are useful for LSA. In addition, the work of working group 1900.5 on a 
policy language, especially the new work item on a Spectrum Consumption Model (SCM), 
may be used to define a data model for LSA. The FP7 QoSMOS project has been a strong 
contributor to IEEE DySPAN-SC [12]. 
4. Spectrum sharing for proximity-based applications 
A  Concept and use cases 
Proximity-based applications and services represent a recent and enormous socio-
technological trend. These Proximity-based applications rely on two principles: the 
Copyright © 2013 The authors www.FutureNetworkSummit.eu/2013 Page 6 of 9
discovery of proximity-based User Equipments (UEs) that are within proximity of each 
other and the direct communication between UEs to exchange application-related data. 
3GPP technology has the opportunity to become the platform of choice to enable 
proximity-based discovery and communication between devices, and promote a vast array 
of future and more advanced proximity-based applications. There are also others indirect 
benefits for 3GPP network as increasing the spectral efficiency, reducing power 
consumption and extending the cellular coverage. 
 The device to device (D2D) communications concept is based on the fact that when two 
UEs are communicating together, the user data are classically exchanged through the 
network infrastructure. With the addition of device to device communication, the two UEs 
establish a direct radio communication path. The typical data path for this type of 
communication is shown in Fig. 3, where eNB(s) are involved.  
Fig. 3. Default data path setup and Direct mode for communication between two UEs. 
Since the end of 2011, 3GPP has studied use cases and identified potential requirements 
[13] for an operator network controlled discovery and communications between devices in 
proximity. Three types of scenarios where identified:  commercial/social, network 
offloading and finally Public Safety. 
?? Device to device Communication scenarios for commercial use: 
The network operator offers a service allowing UEs to discover themselves and to 
communicate directly for realizing social networking type applications or gaming/video 
sharing.
?? Network off-loading scenarios: 
In order to optimize mobile networks resources, the network operator control the use of a 
direct communication between UEs, allowing a decrease of the RAN and core network 
resources.
?? Device to device communications scenarios for Public Safety: 
In the United States, LTE has been selected by the FCC as the technology [14] for the 
Public Safety Network. In Europe, the CEPT ECC WG FM PT 49 has started discussion 
on the allocation of spectrum used for broadband Public Safety [15]. Additionally, a set 
of public safety requirements based on direct UEs communication have been defined 
[16]. In order to increase the public safety communication services in all situations, the 
proximity based services will be usable even when network coverage is not available. 
Also, a specific UE relay feature is required: a UE under coverage could be used as relay 
to extend the network coverage for UEs out of coverage. 
B. Standardization path and related FP7 OneFIT research results 
Research on device to device communication over LTE and LTE-Advanced has been 
performed in the recent years by EU founded project FP7 OneFIT [17]. In September 2011 
several major telecom operators (Telecom Italia, NTT Docomo, AT&T, etc …) and 
manufacturers (NEC, Motorola) supported a new study in the 3GPP [13], on proximity-
based services using direct communication between devices. The study item, finally 
completed in December 2012, highlighted several use cases targeted classified in three 
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categories: Commercial/social use, Network offloading and Public Safety. It is clearly 
noted that current 3GPP specification are only partially suited for such needs, since all such 
traffic and signalling would have to be routed within the network, affecting performance 
and adding un-necessary load.  
 FP7 OneFIT project joined the initiative (Study Item) in 3GPP dedicated to the 
“proximity-based services” on the basis of device-to-device communications as an enabler 
of the concept of Opportunistic Networks. Consortium members provided Contributions 
related to device-to-device communication towards TR 22.803 “Feasibility Study for 
Proximity Services (ProSe)”. OneFIT project contributed to the discussion for the definition 
of the Study Item, ensuring that the key options of OneFIT, that is the RAT-independency 
and the operator’s control, were included in the scope of the Work Item. OneFIT project 
proposed at the same time two options for enabling proximity services in a 3GPP operator 
networks. The first option is to enable direct communications between the 2 UEs over the 
licensed LTE spectrum under the control of the mobile operator. The second option is to 
enable direct communications between the 2 UEs over an alternative RAT than LTE. Such 
an alternative RAT may be deployed over unlicensed spectrum, one such example being 
WiFi and another such example is Bluetooth. OneFIT project also addressed different use 
cases for public safety and network offloading situations and defined service requirements 
related to these use cases. Public safety like police forces, firemen, ambulance drivers 
belong to the same group and need to communicate each other within the group even in 
absence of network infrastructure or network infrastructure congestion. In order to address 
such case, a device shall make use of another device acting as a relay to address network 
coverage problems and in case of network congestion. OneFIT project has also developed 
and demonstrated a framework focusing on cellular network infrastructure supporting 
Direct Device-to-Device communication.
 Further to this, 3GPP decided that a full definition of the system architecture and 
protocols for this feature will be defined in the 2013-2014 timeframe. The future work is 
now to focus on the definition of the architecture solutions done by the SA2 group, 
enhancing 3GPP functions and network elements. SA2 group starts with a technical report 
defining the architectural requirements and solutions which will be documented in a 
normative specification later. Furthermore, RAN groups agreed to start normative work at 
the beginning of 2013 with a feasibility study. This first study will identify the physical 
layer options and enhancements to be incorporated in LTE, and evaluate options/solutions 
for enhancements to the LTE RAN protocols. For the purposes of addressing public safety 
requirements, the study will identify the additional enhancements and control mechanisms 
required to realize discovery and communication outside network coverage. 
 This first standardization phase for device to device communications will focus on 
simple use cases and basic performances without any dynamic spectrum allocation scheme. 
It is envisaged that this initial standardization phase (3GPP Release 12) need to solve the 
basic issues of D2D communications before going beyond more advanced spectrum sharing 
schemes as LSA and TVWS for the direct communication between UEs. 
5. A coordinated R&D effort towards CR standardization 
Although research projects have contributed to CR standardization, barriers still remain to 
the efficient participation of FP7 projects in the standardization process such as: 
confidentiality; IPR or membership of a standards organization; synchronizing research 
activities with standards work and standards life-cycle; or finding the standards and 
standards organizations most relevant to a project, and contacting them. In particular, the 
CR standardization environment is a dynamic environment with several standards bodies 
and many working groups, making it relatively hard for research projects finding the 
organization(s) and particular working group that best fit their needs and objectives. What 
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further complicates and slows down the process of CR Standardisation is the fact that this 
technology envisages a new use of radio spectrum which has to convince not only the 
standards committees (e.g. ETSI) but also regulators (e.g. CEPT). 
In this context, a new Coordination Action called Cognitive Radio Standardization initiate
(CRS-i) funded by the EC started in November 2012 [21]. The scope of CRS-i is to 
coordinate and support existing and future FP7 projects and to facilitate the exploitation of 
their results by establishing a concentrated approach to Cognitive Radio Systems 
standardization. An important instrument implemented by CRS-i is a Standardization 
Consultancy Service that will strengthen the position of FP7 projects in standardization 
bodies related to cognitive radio at a global level, and will facilitate a coherent 
standardization approach in order to avoid fragmentation of standardization effort. The 
overall idea of the standardization consultancy service developed by CRS-i is showed in 
Fig. 4. 
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Fig. 4 CRS-i standardization consultancy service information flow [21]. 
6. Conclusion  
European research into cognitive radio and spectrum sharing radio networks has matured 
and several FP7 projects have provided proof of concept implementations, demonstrators 
and showcases (e.g. QoSMOS, COGEU and OneFIT). However, having the 'best' 
technological solution is not always sufficient to secure a real impact of a research project. 
Standards can make the difference here: standardization creates customer confidence, 
economies of scale, market growth and technological evolution. In fact, in the field of CR, 
standardization is even more important. CR suggests indeed a paradigm shift from fixed 
spectrum regulation to a more flexible usage, this shift is a process with low speed reaction 
because of many conflicting requirements and regulatory implications.
 In this context, FP7 projects face the fact that it is difficult to achieve strong impact 
during the rather short (typically 2-3 years) life time of an FP7 project. The coordination 
action CRS-i is perceived as a vehicle for ongoing European research projects to boost their 
impact on CR standardization. 
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